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Background and Objective: Gastric perforation is an uncommon and often lethal clinical phenomenon
in the neonatal population. For noniatrogenic and nontraumatic cases, previous work has attempted to
ascribe the etiology of perforations to a congenital agenesis in the stomach musculature or hypoxic-ischemic
insult to the gastric tissue. However, no unifying explanation has emerged. Here, we review the possible
etiologies, risk factors, clinical presentation, management, and outcomes of neonatal gastric perforation.
Methods: A comprehensive review of the literature published from 1950 to December, 2021 was performed
via independent searches of the publicly available databases the National Institute of Health National Library
of Medicine PubMed and MEDLINE for indexed and published articles.

Key Content and Findings: More recent studies have been undertaken to describe risk factors associated
with gastric perforation such as prematurity and low birth weight. Clinically, these infants often present
with acute onset abdominal distention, emesis, peritonitis, and may have massive pneumoperitoneum on
abdominal radiographs. Surgical treatment is necessary and often consists of a laparotomy with primary
gastrorraphy with or without gastrostomy tube. Recent cases have demonstrated the safety of treating these
cases laparoscopically in select patients.

Conclusions: Although significant advances have been made in newborn intensive care and surgical
treatment in the last few decades, neonatal gastric perforation continues to be associated with significant
mortality and much remains to be studied in the future to improve clinical outcomes in this vulnerable

patient population.
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Introduction a gastric perforation in a newborn with a congenital absence

Gastric perforation in neonates is an uncommon and
often life-threatening clinical entity. It has been estimated
to account for approximately 7% of all gastrointestinal
perforations (1-3). Siebold first described a case of neonatal
gastric perforation in 1825. Herbut reported the first case of

of the musculature within the associated gastric tissue in
1943. However, the first report of an infant successfully
treated by surgery for this phenomenon did not occur until
1950 by Leger (4). Linkner and Benson went on to describe

a series of 13 newborns with gastric perforation of which
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6 survived (4). The literature on this rare entity in the latter
half of the twentieth century continued to be dominated by
case reports and series with significant speculation on its
etiologies in the newborn population. More recent work has
been undertaken to understand risk factors and prognostic
indicators for clinical outcomes associated with surgical
repair of neonatal gastric perforations. Given this disease’s
low incidence, the relative significance of these factors is
controversial and incompletely understood. In this narrative
review, we summarize both the historical context and
emerging concepts associated with the possible etiologies,
risk factors, clinical presentations, and associated surgical
treatment of gastric perforation in neonates. We present the
following article in accordance with the Narrative Review
reporting checklist (available at https://dmr.amegroups.
com/article/view/10.21037/dmr-21-105/rc).

Methods

A thorough review of the literature published from 1950 to
December, 2021 was completed by independent searches
of the publicly available databases the National Institute
of Health National Library of Medicine PubMed and
MEDLINE for indexed and published articles (7able I).
Editorials and studies written in languages other than
English without an accompanying available translation were
excluded.

Etiology

The etiology of gastric perforations in newborns remains to
be fully elucidated. Iatrogenic causes such as from forceful
naso- or orogastric tube insertion have been documented
in several cases (5-8). Historically, many authors proposed
that a congenital defect in the musculature of the gastric
wall may explain the occurrence of these ruptures (9-13).
Specifically, histopathology of gastric tissue has been reported
to show thin or even complete absence of longitudinal
muscular fibers in areas of perforation (9-11,13). More recent
pathological work has implicated other histological changes
such as a decrease in the number of interstitial cells of Cajal
in areas of perforated stomach musculature (14). These
explanations fail to serve as a fully unifying explanation of
this phenomenon as many reports demonstrate musculature
present in ruptured segments (15,16). Furthermore,
experimental studies have been undertaken providing
evidence against the concept of a congenital basis for
gastric perforation. In 1965, Shaw er al. (17) tested gastric
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distensibility in a canine model by ligating the esophagus
and duodenum and insufflating the stomach until gastric
rupture occurred. All perforations were located on the
greater curvature, and subsequent pathology in all cases
demonstrated a lack of musculature in the area of rupture.
From these findings, the authors concluded that an absence of
muscle fibers may be a nonspecific result of perforation itself
as opposed to its pathological etiology (17). Other preclinical
models in rodent newborns utilizing air insufflation along
with intragastric barium suggest these factors may create
a “fluid-air trap” resulting in a physiologic gastric outlet
obstruction as well as preventing reflux of air in to the
esophagus during feeds that can result in perforation (18).
The authors hypothesized that this mechanism may be able
to occur in normal infants who can accumulate enough air
in the stomach during feeds to cause gastric rupture (18).
Similarly, others have hypothesized that associated
gastrointestinal anomalies such as tracheoesophageal fistula,
duodenal web, duodenal atresia, congenital diaphragmatic
hernia, hiatal hernia, or malrotation can lead to increased
intragastric pressure and resultant perforation (16,19-23).

Another theory for neonatal gastric perforation is
local hypoxia and ischemic insult to the gastric tissue.
Touloukian et 4/. (24) in 1972 utilizing an experimental
model of neonatal piglets demonstrated that a significant
reduction in mucosal blood flow to the stomach, distal
ileum and colon can occur during asphyxia with resultant
areas of necrosis. Touloukian went on to further investigate
a series of six infants with gastric perforation treated within
his own institution as well as 87 previous cases from the
literature and determined that 69% of cases had perinatal
complications resulting in asphyxia (25). This asphyxia and
local tissue hypoxia when combined with other contributing
factors such as hypotension, sepsis, high gastric acidity or
trauma can be a significant contributing factor to gastric
ischemia and perforation (15,16,25-31). Some have even
argued that the degree of hypoxia and these contributing
factors can determine the severity of gastric necrosis and
perforation encountered intraoperatively (32). Despite this
evidence, the exact etiology of neonatal gastric perforation
remains to be elucidated but is likely a combination of many
factors worsened by increased intragastric pressure and
hypotensive or hypoxic states (Figure I).

Risk factors

Given these possible explanations for the underlying causes
of neonatal gastric perforation, recent work has shifted
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ltems Specification

Date of search
Databases and other sources searched

Search terms used
“pediatric

perforation

Timeframe

Inclusion and exclusion criteria

December 10, 2021 through December 28, 2021
National Institute of Health National Library of Medicine PubMed and MEDLINE

» o«

All combinations of the following terms: “neonatal”, “newborn”, “infant”,

” o«

gastric perforation”, “gastric rupture”, “stomach perforation”, “foregut
gastrointestinal perforation”

January 1, 1950 to December 31, 2021

Inclusion: reports of patients <1 year old with gastric perforation

Exclusion: patients 1 year old or older, studies written in languages other than
English without an accompanying translation, reports of any perforation not
involving a gastric perforation

Selection process

Both authors

Neonatal Gastric Perforation

Incidence

e Up to 7% of all gastrointestinal

perforations

e Up to 4 times more frequent in males

Possible Risk Factors

Prematurity

Low birth weight

Necrotizing enterocolitis
Steroids

Leukocytosis

Metabolic acidosis pH <7.3
Hyponatremia (Na <130 mEq/L)
Thrombocytopenia
Chorioamnionitis

Clinical Presentation
Often within first 10 days of life
Acute abdominal distention
Peritonitis
Emesis
Fever
Hematochezia
Hemodynamic instability
Massive pneumoperitoneum
with absent air in the stomach
on X-ray

Management

¢ Neonatal intensive care and

resuscitation

e Gastric decompression with
naso- or orogastric tube
e Emergent surgical exploration

Figure 1 Overview of the incidence, risk factors, clinical presentation, and treatment of neonatal gastric perforation.

to focus on associated risk factors for its development.
Two of the most well recognized risk factors uncovered
among infants with this disease are prematurity and
low birth weight. Many reports of premature infants
have been documented in the literature presenting with
gastric perforation with this population accounting for
the majority of cases compared to gestational age infants
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in some series (23,29,33-36). Furthermore, it has been
suggested that gastric perforations in premature infants
may be associated with worse clinical outcomes and
higher mortality compared to those born at full term
(23,29,35,36). Similar to prematurity, low birth weight has
been shown in many studies to be related to a propensity
for developing gastric perforation especially among low
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and extremely low birth weight infants (21,28,34,35,37).
While the relationship between prematurity, birth weight
and the development of necrotizing enterocolitis has been
often described, the association of necrotizing enterocolitis
and risk of gastric perforation in the neonatal period has
also been demonstrated in some series (23,38,39). In these
cases, mortality is higher among cases of gastric perforation
associated with necrotizing enterocolitis (38,39). Among
full term infants, steroid therapy has been described in one
report as a risk factor for gastric rupture but has not been
widely cited as a factor in other studies (21).

Similar to previous explanations demonstrating
aerophagia and increased gastric distention worsening
the risk of perforation (17), the need for mechanical
ventilation and specifically nasal ventilation in one study
has been suspected to be a risk factor for this phenomenon
(15,16). Some studies have also demonstrated an unequal
sex distribution of this disease occurring as high as four
times more frequently in males compared to female infants
(28,40). Other unfavorable prognostic clinical factors found
to be associated with gastric perforation are leukocytosis,
metabolic acidosis (pH <7.3), hyponatremia (serum sodium
<130 mEq/L), thrombocytopenia, hypotension, and
chorioamnionitis (15,19,21,28,33-36,41). Taken together,
the presence of these factors, especially prematurity and low
birth weight, should raise suspicion for the development of
gastric perforation in the neonatal period and escalate the
degree of clinical monitoring in these infants (Figure I).

Clinical presentation

The onset of gastric perforation often occurs early in the
neonatal period even as early as within hours after birth (7).
The majority of reports demonstrate symptom onset within
the first ten days of life (32-34,42); however, perforation
can occur outside of this time frame (32). One of the most
common and consistent clinical findings of neonatal gastric
perforation is massive acute onset abdominal distention
as high as 87% in some series (7,15,19,27). Emesis has
also been noted to occur in as many as 40% of patients
presenting with gastric perforation (15). Peritonitis is
often present on exam, and other clinical signs may
include lethargy, hemodynamic instability, hematochezia,
hematemesis, and fever (4,8,15,16,19,23,29,34,41,43,44).
Radiographic findings on upright abdominal X-ray often
demonstrate massive pneumoperitoneum with the absence
of gas in the stomach referred to as a “football” or “saddle
bag” sign (7,8,19,39,42). Radiographic pneumoperitoneum

© Digestive Medicine Research. All rights reserved.

Digestive Medicine Research, 2022

has been documented in as many as 86% of patients in
some reports (15). Portal venous gas may or may not be
present as well on abdominal radiographs (38). Laboratory
values may demonstrate leukocytosis, metabolic acidosis,
hyponatremia, lactatemia, thrombocytopenia, hypotension,
and elevated inflammatory markers such as C reactive
protein (15,19,21,28,33-36). Once a diagnosis of gastric
perforation is made, expeditious resuscitation efforts and
surgical consultation should be performed (Figure 1).

Management and outcomes

Once gastric perforation has been diagnosed, surgical
exploration is mandated. Preoperatively, fluid resuscitation
and hemodynamic monitoring and support should
be initiated if not already underway. In select cases,
preoperative peritoneocentesis has been utilized as both a
diagnostic and therapeutic tool for decompression of the
abdomen particularly in patients with significant respiratory
distress and hemodynamic compromise from massive
pneumoperitoneum (2,45,46). Gastric decompression
with placement of a naso- or orogastric tube should be
undertaken to improve intramural blood flow by decreasing
distensibility of the stomach (23).

The most common surgical approach includes
laparotomy with careful inspection of the entire stomach.
Although other locations such as the fundus and lesser
curvature can be involved, the majority of cases report the
perforation site most commonly on the greater curvature
of the stomach accounting for as many as 85-95% of
perforations in some series (17,28,39,40,47,48). Perforation
size may often be between 1 to 5 ¢m and linear or circular
appearing (28,40,45,47). Perforations resulting from
iatrogenic trauma such as nasogastric tube insertion have
been described as having a “punched out” appearance (2).
If no significant concomitant ischemic or necrotic tissue
is encountered, debridement and primary repair has been
successfully completed in many cases (15,16). Rarely,
cases have been described in which such a large degree of
necrotic gastric tissue was encountered that required partial
or total gastrectomy (41,49-53). Severe cases requiring total
gastrectomy have also described utilizing Hunt-Lawrence
pouches as an option for immediate or delayed gastric
reconstruction (51-53). Some surgeons routinely perform
gastrostomy tube at the time of perforation in anticipation
of postoperative nutritional support; however, the effect
of routine gastrostomy tube placement on postoperative
outcomes is incompletely characterized (40). Laparoscopic
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repair of single gastric perforations has been documented
successfully in two cases, which may hold the advantages of
minimally invasive surgery including reduced postoperative
pain, analgesic requirement, and decreased length of stay in
appropriately selected patients (54).

Traditionally, neonatal gastric perforation has been
associated with substantial mortality rates as high as 62—
70% and higher (16,28). However, recent work stratifying
reports of this phenomenon by decade has shown an
interval decrease from nearly 100% case fatality in 1980 to
17% by 2016 (15). Recent advancements in both operative
and neonatal postoperative intensive care have been cited as
reasons for improvement in the clinical outcomes of these
patients (15,19,39). Enhancements in diagnostic capabilities
in the past few decades have allowed for earlier diagnosis
and improved resuscitation preoperatively, which can
result in better outcomes (16). Despite these advancements
in the treatment of and mortality associated with gastric
perforation, it continues to persist as a life-threatening
entity and should be treated as a surgical emergency in the
neonatal population.

Conclusions

Overall, gastric perforation is an uncommon yet life-
threatening clinical entity in neonatal patients. Although
significant advancements in its diagnosis and treatment
have been achieved in the past few decades, its underlying
pathogenesis remains to be fully characterized. For
nontraumatic cases, previous work has attempted to describe
a mechanistic basis for these perforations such as from a
congenital agenesis in the stomach musculature or hypoxic-
ischemic insult to the gastric tissue. However, no singular,
unifying theory has emerged. While studies have been
undertaken to understand prognostic risk factors associated
with neonatal gastric perforation such as low birth weight
and prematurity, future work should be undertaken to
delineate prognostic factors or clinical scoring systems to
direct early monitoring and intensive care to at-risk infants.
Despite significant improvements in neonatal resuscitation
and surgical therapy in the last few decades, gastric
perforation is still associated with substantial morbidity
and mortality in newborns and should be treated as an
emergency once diagnosed prompting urgent pediatric
surgical consultation. Areas of further study regarding its
management should include comparison of procedural
techniques to optimize postoperative outcomes in these
patients including when peritoneocentesis should be
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performed and whether gastrostomy tubes should be placed
routinely at the time of surgery. Although significant strides
in diagnosis and treatment continue to be made, much
remains to be studied in the future to improve outcomes for
gastric perforation in this vulnerable patient population.
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